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(54) LUBRICATING OIL COMPOSITION FOR STEPLESS TRANSMISSIONS AND METHOD FOR 
LUBRICATING STEPLESS TRANSMISSIONS THEREWITH 

(57) A lubricant composition for continuous variable 
transmissions which comprises a base oil and auxilia- 
ries incorporated therein which are a sulfur-based 
extreme pressure additive (A), a phosphorus-based 
extreme pressure additive (B), and an alkaline earth 
metal-based detergent (C). 

It is superior in wear resistance and extreme pres- 
sure properties and keeps the coefficient of friction high 
for a long period of time, so that it is capable of transmit- 
ting a large capacity of torque when it is applied to an 

continuous variable transmission. It is particularly suita- v 
ble for a transmission of metal belt type. 
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Description 

Technical Field 

The present invention relates to a lubricant composition for continuous variable transmissions and also to a method 
for lubricating continuous variable transmissions with said lubricant composition. This lubricant composition is superior 
in wear resistance and extreme pressure properties and is capable of keeping the coefficient of friction high for a long 
period of time and of transmitting a large amount of torque. It is particularly suitable for transmissions of metal belt type. 

Background Art 

The conventional automotive automatic transmission consists of a torque converter and a finitely variable transmis- 
sion comprising several gear trains. The transmission of this type has a problem with low efficiency due to slip loss in 
the torque converter and torque loss at the time of speed change. To address this problem, there has recently been 
developed an automotive continuous variable transmission that employs a steel belt. It is now in practical use. 

This transmission, however, suffers the disadvantage that the coefficient of friction decreases so much under a high 
load that rt cannot transmit a large torque and the belt slips at the time of rapid acceleration, resulting in a low ratio of 
torque transmission. This disadvantage arises from the fact that it is lubricated with the conventional lubricant (so-called 
ATFffor finitely variable transmissions. For this reason, the above-mentioned continuous variable transmission is used 
only for automobiles with a small-capacity engine (generating a small torque). 

With a view to overcoming this disadvantage, attempts have been made to improve the ratio of torque transmission 
from the standpoint of mechanism. However, it has been found that improvement in torque transmission is incompatible 
with improvement in wear resistance, because torque transmission is always accompanied by slight slipping (which is 
inherent in the mechanism employed). 

It is an object of the present invention to provide a lubricant composition and a method for lubrication with said lubri- 
cant composition. The lubricant composition of the present invention is superior in wear resistance and extreme pres- 
sure properties, capable of keeping a coefficient of friction high for a long period of time, and capable of transmitting a 
large amount of torque. It is particularly suitable for transmissions of metal belt type. 

Disclosure of the Invention 

The present inventors carried out a series of researches to develop a lubricant composition for continuous variable 
transmissions which meets the above-mentioned requirements. As a result, it was found that a lubricant keeps the coef- 
ficient of friction higher than 0.1 0 for a long period time if its base oil is incorporated with a sulfur-based extreme pres- 
sure additive, a phosphorus-based extreme pressure additive, and an alkaline earth metal-based detergent as 
essential ingredients. This finding led to the present invention. 

It is an object of the present invention to provide a lubricant composition for continuous variable transmissions 
which comprises a base oil, a suffur-based extreme pressure additive (A), a phosphorus-based extreme pressure addi- 
tive (B), and an alkaline earth metal-based detergent (C). 

It is another object of the present invention to provide a method for lubricating continuous variable transmissions 
with said lubricant composition. 

The preferred embodiments of the present invention are as follows. 

• A lubricant composition for continuous variable transmissions as defined above, wherein the sulfur-based extreme 
pressure additive is at least one species selected from sulfurized oils and fats, thiocarbamates, and thioterpenes. 

• A lubricant composition for continuous variable transmissions as defined above, wherein the phosphorus-based 
extreme pressure additive is at least one species selected from tricresyl phosphate and amine salts of alkyl or alke- 
nyl acid phosphate ester. 

• A lubricant composition for continuous variable transmissions as defined above, wherein the alkaline earth metal- 
based detergent is calcium phenate. 

• A lubricant composition for continuous variable transmissions as defined above, wherein the amount of compo- 
nents (A), (B), and (C) based on the total amount of the lubricant composition is 0.05-5 wt%, 0.05-5 wt%, and 0.05- 
8 wt%, respectively. 

• A lubricant composition for continuous variable transmissions as defined above, wherein the continuous variable 
transmission is of metal belt type. 

• A method for lubricating continuous variable transmissions with the lubricant composition defined above. 

• A method for lubricating continuous variable transmissions, designed for performing continuous speed change 
and torque transmission simultaneously, with the lubricant composition defined above. 
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Best Mode of Carrying out the Invention 

The lubricant composition of the present invention is prepared usually from a mineral oil or synthetic oil as the base 
oil which is not specifically restricted in kind and properties. Preferred base oils are those which have a kinematic vis- 
5 cosity (at 100°C) of 1-50 cSt, preferably 2-15 cSt, a value of %C A (ASTM D3238-80) smaller than 20, preferably smaller 
than 10, and a pour point of lower than -10 °C, preferably lower than -15°C. 

Examples of the mineral oil include paraffin oil. intermediate oil, and naphthene oil, which are obtained by the ordi- 
nary refining process such as solvent extraction and hydrogenation. Of these examples, paraffin oil is particularly pref- 
erable. 

10 Examples of the synthetic oil include polybutene, poiyolefins (such as a-olefin homopolymer and copolymer like 
ethylene-a-olefin copolymer), esters (such as polyol ester, dibasic acid ester, and phosphoric ester), ethers (such as 
polyphenyl ether), polyglycol, alkylbenzne, and alkylnaphthalene. Of these examples, poiyolefins and polyol esters are 
preferable. 

The above-mentioned mineral oils and synthetic oils may be used alone or in combination-with one another as the 
15 base oil. 

The lubricant composition of the present invention contains a sulfur-based extreme pressure additive as the com- 
ponent (A), which is not specifically restricted so long as it has sulfur in the molecule and is capable of dissolving or 
uniformly dispersing in the base oil to exhibit the extreme pressure properties and good wear resistance. It includes, for 
^ example, sulfurized vegetable and animal oils and synthetic oils, olefin polysulf ide, dihydrocarbyl polysulf ide, sulfurized 
20 mineral oils, thiocarbamates, thioterpenes, and dialkyl thiodipropionates. 

Examples of the sulfurized vegetable and animal oils include sulfurized lard, sulfurized rapeseed oil, sulfurized cas- 
tor oil, sulfurized soybean oil, sulfurized rice bran oil, disulfurized fatty acids (such as sulfurized oleic acid), and sul- 
furized esters (such as sulfurized methyl oleate). Olefin polysulfides are obtained by reacting C^o olefins or its 
oligomer with a sulf urizing agent. The preferable examples of the olefin include propylene, isobutene, and diisobutene. 
25 The examples of the sulfurizing agent include sulfur and sulfur halide such as sulfur chloride. 
The dihydrocarbyl polysulfide is a compound represented by the formula (I) below. 

tf-Sx-R 2 (I) 

30 (where R 1 and R 2 each denotes a C^o aikyl group, a C^o aryl group, a C7.20 alkylaryl group, or a C 7 . 2 o arylalkyl group 
(which may be the same or different), and x is a real number (or a rational number) of 2-8.) 

Examples of the groups represented by R 1 and R 2 in the formula (I) above include methyl group, ethyl group, n- 
propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, t-butyl group, pentyl groups, hexyl groups, 
heptyl groups, octyl groups, nonyl groups, decyl groups, dodecyl groups, cyclohexyl group, cyclooctyl group, phenyl 
35 group, naphthyl group, tolyl group, xylyl group, benzyl group, and phenethyl group. 

Preferred examples of the dihydrocarbyl polysulfide include dibenzyl polysulfide, di-t-nonylpolysulfide. and dido- 
decyl polysulfide. 

Examples of the thiocarbamates include zinc dithiocarbamate. Examples of the thiopertene include a reaction 
product of pinene and phosphorus pentasulf ide. Examples of the dialkyl thiodipropionate include dilauryl thiodipropion- 

40 ate and distearyl thiodipropionate. Of these inert extreme pressure additive such as sulfurized oils, thiocarbamates, and 
thioterpenes are preferable in terms of extreme pressure properties and wear resistance. 

In the present invention, the above-mentioned sulfur-based extreme pressure additives may be used alone or in 
combination with one anther. Their amount should be 0.05-5 wt% of the total amount of the lubricant composition. An 
amount less than 0.05 wt% is not enough for sufficient extreme pressure performance and wear resistance. An amount 

45 exceeding 5 wt% produces an adverse effect on the oxidative stability. A preferred amount (from the standpoint of 
extreme properties, wear resistance, and oxidative stability) is 0.1-3 wt% of the total amount of the lubricant composi- 
tion. 

The lubricant composition of the present invention contains a phosphorus-based extreme pressure additive as the 
component (B), which is not specifically restricted so long as it has phosphorus in the molecule and is capable of dis- 
so solving or uniformly dispersing in the base oil to exhibit the extreme pressure properties and good wear resistance. It 
includes, for example, phosphate ester, acid phosphate ester, phosphite ester, acid phosphite ester, thiophosphate 
ester, acid thiophosphate ester, amine salts thereof, and phospho-sulfurized terpen es (such as reaction products of 
pinene and phosphorus pentasulf ide). 

Examples of the phosphate ester and phosphite ester include tributyi phosphate and phosphite, trihexyl phosphate 
55 and phosphite, tri-2-ethylhexyl phosphate and phosphite, tridecyl phosphate and phosphite, trilauryl phosphate and 
phosphite, trimyristyl phosphate and phosphite, tripalm'rtyl phosphate and phosphite, tristearyl phosphate and phos- 
phite, trioleyl phosphate and phosphite, and other C3.30 alkyl or alkenyl phosphate or phosphite esters; and triphenyl 
phosphate and phosphite, tricresyl phosphate and phosphite, and other C^o aryl phosphate or phosphite esters. 

Examples of the acid phosphate or phosphite ester include mono- or dbutyl hydrogen phosphate and phosphite, 
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mono- or dipentyl hydrogen phosphate and phosphite, mono- or di-2-ethylhexyl hydrogen phosphate and phosphite, 
mono- or dipalmityl hydrogen phosphate and phosphite, mono- or dilaury! hydrogen phosphate and phosphite, mono- 
or distearyl hydrogen phosphate and phosphite, mono- or dioleyl hydrogen phosphate and phosphite, and other C 3 . 30 
alkyl or alkenyl acid phosphate and phosphite; and mono- or diphenyl hydrogen phosphate and phosphite, mono- or 
5 dicresyl hydrogen phosphate and phosphite, and other C^o aryl acid phosphate and phosphite. 

Examples of the thiophosphate ester and thiophosphite ester include those which correspond to the above-listed 
phosphate esters and acid phosphate esters. 

The above-mentioned esters may form amine salts with a mono-, di- or trisubstituted amine represented bv the for- 
mula (II) below. 7 

10 

R n N H 3 . n (II) 

(where R denotes a C 3 . 30 alkyl or alkenyl group, a C 6 . 30 aryl group or aralkyi group, or a C 2 . 30 hydroxyalkyl group; and 
n is 1, 2, or 3. Two or more R's may be the same or different. The alkyl or alkenyl group may be straight branched or 
is cyclic.) 1 

Examples of the monosubstituted amine include butylamine, pentylamine. hexylamine, cyclohexylamine, 
octylamine, laurylamine, stearylamine, oleylamine, and benzylamine. Examples of the disubstituted amine include difch 
utylamme, dipentylamine, dihexylamine, dicyclohexylamine, dioctylamine, dilaurylamine, distearylamine, dioleylamine 
dibenzylamme, stearyl monoethanolamine, decyl monoethanolamine, hexyl monopropanolamine, benzyl monoeth- 
20 anolamine, phenyl monoethanolamine. and tolyl monoethanolamine. Examples of the trisubstituted amine include trib- 
utylamine, triphenylamine, triheyxlamine. tricyclohexylamine, trioctylamine, trilaurylamine, tristearylamine 
trioelylamine, tnbenzylamine, dioleyl monoethanolamine, dilauryl monopropanolamine, dioctyl monoethanolamine' 
dihexyf monopropanolamine, dibutyl monopropanolamine, oleyl diethanolamine, stearyl dipropanolamine lauryl dieth- 
anolamine. octyl dipropanolamine. butyl diethanolamine. benzyl diethanolamine. phenyl diethanolamine tolyl dipropa- 
25 nolamine, xylyl diethanolamine, triethanolamine, and tripropanolamine. 

Of these phosphorus-based extreme pressure additives, tricresyl phosphate and amine salts of alkyl or alkenyl acid 
phosphate ester are preferable because of their good extreme pressure properties and wear resistance. 

Some of the above-listed phosphorus-based extreme pressure additives will serve as the components (A) and (B) 
because they contain both sulfur and phosphorus in the molecule. They include thiophosphate ester, acid thiophos- 
30 phate ester and amine salts thereof, and sulfurized terpenes. 

The above-mentioned phosphorus-based extreme pressure additives may be used alone or in combination with 
one another THe.r amount should be 0.05-5 wt%, preferably 0. 1 -3 wt%, of the total amount of the lubricant composition 
An amount less than 0.05 wt% is not enough for satisfactory extreme pressure properties and wear resistance An 
amount exceeding 5 wt% leads to sludge and rust. 

The lubricant composition of the present invention contains an alkaline earth metal-based detergent as the compo- 
nent (C), wh«ch is not specifically restricted so long as it has alkaline earth metal in the molecule and is capable of dis- 
solving or uniformly dispersing in the base oil to exhibit the extreme pressure properties and good wear resistance It 
includes, for example, sulfonate, phenate, salicylate, and phosphate of alkaline earth metal. Calcium phenate is desir- 
able because of its ability to improve the coefficient of friction. 

The alkaline earth metal-based detergent should preferably have a base number in the range of 80-350 mg KOH/q 
Wrth a base number lower than specified, it does not produce the desired effect. With a base number higher than spec- 
ified^ has an adverse effect on wear resistance. A preferred base number ranges from 100 to 280 mg KOH/g 

The alkaline earth metal-based detergents may be used alone or in combination with one another. Their amount 
should be 0.05-8 wt%, preferably 0.1-4 wt%, of the total amount of the lubricant composition. An amount less than 0 05 
wt% is not enough for satisfactory effect. An amount exceeding 8 wt% leads to incomplete dissolution in the base oil 

Tne lubricant composition of the present invention may be incorporated with the following optional additives in an 
amount not harmful to the object of the present invention. Antioxidant, ashless dispersant, viscosity index improver 
pour point depressant, rust preventive, metal deactivator, anti-foaming agent, surface active agent, and coloring agent! 
The antioxidant fall into three categories as follows. 



35 



40 



45 



50 



(1) Hindered phenol. 



4,4'-bis(2,6-di-t-butylphenol), 

4,4-bis(2-methyl-6-t-butylphenol). 

4.4 , -bis(2-methyl-6-t-butylphenol), 

2,2 , -methylenebis(4-ethyl-6-t-butylphenol), 

2,2 , -methylenebis(4-methyl-6-t-butylphenol), 

4,4 , -butylidnebis(3-methyl-6-t-butylpheno0, 

4,4 , -isopropylidenebis(2,6-di-t-butylpheno0. 
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2,2 , -methylenebis(4-methyl-6-nonylphenoi) t 
2,2Msobutylidenebis(4,6-dierrrttylphenol), 
2,2'-methylenebis(4-methyl-6-cydohexylphenol), 
2,6-di-t-butyl-4-methylphenol. 
s 2,6-di-t-butyN4-ethylphenol, 
2,4-dimethyl-6-t-butylphenol, 
2,6-di-t-amyl-p-crsoI, 

2 ,6-di-t-butyt «4-(N, N'-dim ethylaminophenol) , 

4,4'-thiobis(2-methyl-6-t-butylphenol), 
10 4,4'-thiobis(3-methyl-6-t-butylrjhenol), 

2,2 , -thiobis(4-methyl-6-t-butylphenol), 

bis (3-methyl-4-hydroxy-5-t-butylbenzyl)sulfide, 

bis (3,5-di-t-butyl-4-hydroxybenzyl)suffide, 

n-octadecyl-3-(4-hydroxy-3,5-di-t-butylphenyl)propionate, and 
75 2,2 , -thio[diethyl-bis-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]. 

Those of bisphenol type and ester group-containing phenol type are preferable. 

x (2) Amine. 

20 

Monoalkyldiphenylamine such as monooctyldiphenylamine and monononyldiphenylamine. 

Dialkyldiphenylamine such as 4,4 , -dibutyldiphenylamine, 4,4*<fipentyldiphenylamine, 4,4'-dihexyldiphenylamine, 4,4'- 
diheptyldiphenylamine, 4 l 4 , -dioctyldiphenylamine, and 4,4'-dinonyldiphenytamine. Polyalkyldiphenylamine such as 
tetrabutyldiphenylamine, tetrahexyldiphenylamine, tetraoctyldiphenylamine. and tetranonyidiphenylamine. Naphthyl- 
25 amine such as a-naphthylamine, phenyl-a-naphthylamine, butylphenyl-a-naphthylamine, pentylphenyl-ct-naphthyl- 
amine, hexyiphenyl -a-naphthylamine, heptylphenyl-a-naphthylamine. octylphenyl-a-naphthylamine, nonylphenyl-a- 
naphthylamine, and other a!kyl-substituted-phenyl-a-naphthylamines. 

Of these examples, dialkyldiphenylamine and naphthylamine are preferable. 

30 (3) Zinc dialkyldithiophosphate (ZnDTP). 

Zinc diamykJithiophosphate, zinc dibutyldithiophosphate, and zinc di(2-ethylhexyl)d"rthiophosphate. 

Examples of the ashless dispersant include succinimide, polybutenyl succinimide, boron-containing succinimide, 
benzylamine, boron-containing benzylamine, succinate ester, and amide of fatty acid or mono- or dibasic carboxylic 
35 acid represented by succinic acid. 

Examples of the viscosity index improver include polymethacrylate, dispersed polymethacrylate, olefin copolymer 
(such as ethylene-propylene copolymer), dispersed olefin copolymer, and styrene copolymer (such as styrene-diene 
(hydrogenated) copolymer. Examples of the pour point depressant include polymethacrylate. 

The rust preventive includes, for example, alkenyl succinic acid and partial ester thereof. The metal deactivator 
40 includes, for example, benzotriazole, benzimidazole, benzothiazole, and thiaziazole. The anti-foaming agent includes, 
for example, dimethylpolysiloxane and polyacrytate. The surface active agent includes, for example, polyoxyethylene 
alkylphenyl ether. These additives are usually incorporated in an amount of 0.01-10 wt% of the total amount of the com- 
position. 

The lubricant composition of the present invention is capable of keeping the coefficient of friction higher than 0.10 
45 for a long period of time; therefore, it is capable of torque transmission in large capacities and it is particularly suitable 
for transmission of metal belt type. 

To further illustrate the invention, and not by way of limitation, the following examples are given. 

Examples 1 to 3 and Comparative Examples 1 to 4 

so 

In each example, a lubricant composition was prepared from a paraffin mineral oil (as the base oil) and additives 
(shown in Table 1) by stirring at 60°C. 

The resulting lubricant composition was measured for the coefficient of friction and the length of the time through 
which the coefficient of friction was maintained by using a pin-on-disc tester in the following manner. The results are 
55 shown in Table 1. 

Conditions for the pin-on-disc tester: 

Amount of oil: 600 ml 
Temperature of oil: 130°C 
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Slip speed: 1200 mm/sec 
Surface pressure: 20 kgf/cm 2 
Pin: S45C 
Disc: SCM420 
Duration: 240 minutes 

The coefficient of friction was measured after 240 minutes. The length of the time (in minutes) through which the coef- 
ficient of friction higher than 0.10 was maintained was measured. 



Table 1 









Example 


Comparative Example 
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2 


3 


1 


2 


3" 


4 




Par< 


affin base oil 


92.0 


91.5 


90.5 


92.0 


92.0 


92.0 


92.5 


Lub: 


(A) 


Sulfurized n-i 1 


0.5 


- 


1.0 


1.0 


1.0 


- 


1.0 


cica 


Thioterpene 




1.0 












D 
rt 


(B) 


Tricresyl phos- 
phate 


0.5 






1.0 




1.0 




a 

1 


Acid phosphate es- 
ter amine 




0.5 


1.0 










osit 


(C) 


Calcium sulfonate 






1.0 






1.0 




:ion 


Calcium phenate 


1.0 


1.0 






1.0 






se 
rt 


o 

rf 
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ZnDTP 






0.5 








0.5 




(0 
H 

W 


Succinimide dis- 
persant 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 






Po lyme tha cr y la t e 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Coefficient of friction 


0.14 


0.14 


0.12 


0.09 


0.06 


0.09 


0.07 


uuratxon 
friction 


of coefficient of 
(min) 


240< 


240< 


240< 


20 


15 


60 


60 



Note Table 1 



Base oil: kinematic viscosity, 4.5 cSt <100 e C); %C A , 0.1; pour point, 
17.5 C 

Sulfurized oil: sulfurized lard (9 wt% sulfur) 

U0°iS P sulfurr aCti ° n Pr ° dUCt ° f P hos P horus Pentasulfide and pinene 

?^^^° SP ^ te ^"a™ 1 ^ **ine salt of dilauryl acid phosphate 
Calcium sulfonate: base number 280 mg KOH/g 
Calcium phenate: base number 250 mg KOH/g 
ZnDTP: zinc di-C^-alkyldithiophosphate 
Succinimide dispersant : polybutenylsuccinimide 
Polymethacrylate: molecular weight 40,000 



h^II Sn0ted - fr ? mTab !! 1 thatthesam P ,esin Comparative Examples decrease in the coefficient of friction (and hence 
become poor in torque transmission) more rapidly than the samples in Examples. 
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Comparative Example 5 



The pin-on-disc test as mentioned above was conducted on a commercial automatic transmission fluid (ATF) equiv- 
alent to Dexiron III®. Seizure took place one minute after the start of the test. 

The above-mentioned results suggest that the lubricant composition of the present invention maintains the coeffi- 
cient of friction higher than 0.10 for a long period of time, so that it is capable of transmitting a large capacity of torque 
when it is applied to an continuous variable transmission. It is suitable for a transmission of metal belt type. 

Industrial Applicability 

The lubricant composition of the present invention is superior in wear resistance and extreme pressure properties 
and keeps the coefficient of friction high for a long period of time, so that it is capable of transmitting a large capacity of 
torque when it is applied to an continuous variable transmission. It is particularly suitable for a transmission of metal belt 
type. 

Claims 



1 . A lubricant composition for continuous variable transmissions which comprises a base oil, a sulfur-based extreme 
^ pressure additive (A), a phosphorus-based extreme pressure additive (B), and an alkaline earth metal-based deter- 
so gent (C). 

2. A lubricant composition for continuous variable transmissions as defined in Claim 1 , wherein the sulfur-based 
extreme, pressure additive is at least one species selected from sulfurized oils and fats, thiocarbamates, and thiot- 
erpenes. 

25 

3. A lubricant composition for continuous variable transmissions as defined in Claim 1. wherein the phosphorus- 
based extreme pressure additive is at least one species selected from tricresyl phosphate and amine salts of alkyl 
or alkenyl acid phosphate ester. 

30 4. A lubricant composition for continuous variable transmissions as defined in any of Claims 1 to 3, wherein the alka- 
line earth metal-based detergent is calcium phenate. 

5. A lubricant composition for continuous variable transmissions as defined in any of Claims 1 to 4, wherein the 
amount of components (A), (B), and (C) based on the amount of the lubricant composition is 0.05-5 wt%, 0.05-5 

35 wt%, and 0.05-8 wt%, respectively. 

6. A lubricant composition for continuous variable transmissions as defined in any of Claims 1 to 5, wherein the con- 
tinuous variable transmission is of metal belt type. 

40 7. A method for lubricating continuous variable transmissions with the lubricant composition defined in any of Claims 
1to6. 

8. A method for lubricating continuous variable transmissions, designed for performing continuous speed change and 
torque transmission simultaneously, with the lubricant composition defined in any of Claims 1 to 6. 

45 



50 



55 
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© Lubricating oil composition for power control. 



© Disclosed is a lubricating oil composition for power control, comprising (A) a base oil having a kinematic 
viscosity at 100* C of 1 to 80 cSt, (B) 0.1 to 10% by weight (based on the total weight of the composition, the 
same shall apply hereinafter) of at least one kind of sulfur-containing compound selected from the group 
consisting of zinc dithiophosphate, sulfurized oils and fats and sulfurized olefin, (C) 0.1 to 10% by weight of 
alkaline earth metal based detergent-dispersant, and (D) 0.05 to 5% by weight of partial esters of polyhydric 
alcohols and/or succinimide. 

Said composition is excellent in extreme-pressure property, antiwear property, and metal fatigue life^ and 
has also a good initial Irictional characteristics, in addition, the frictionai characteristics hardly change with the 
time, and said composition is excellent in stability against oxidation, and in corrosion resistance. Further, since 
^Tsaid lubricating oil compositions include those excellent in heat-resistance, they show an excellent lubricity for a 
^ long period when used as gear oil for automobiles, to extend the cycle time for oil replacement. 
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LUBRICATING OIL COMPOSITION FOR POWER CONTROL 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

a h^SJE?*? inVenti ° n felateS l ° 3 ' UbriCatin9 °" com P° sition Power control, and more specifically to 
a lubncating. oH composition which is excellent in frictional characteristics, extreme-pressure propel 

EST" "? ^ ,ike ' ^ WhiCh iS SUitab ' e 35 3 ,ubricati "9 oil for transmission S2 
gears, hypoid gears of automobiles used at a high temperature for a long period 



w 



is 



20 



25 



2. Description of the Related Arts 

Generally, as lubricating oils for power control mechanisms, including oils for transmission oears of 

TZZt^TT" used ones have main,y been the ,ubricatin 9 oi,s in which -~ P-P"e 

^eCttS tST ~ re9U ' ated * C ° mr0,lin9 *" * basedUeme- 

ri^il^/l^V™ 6 ^ au,omobi,es have show " a marked trend to be higher-graded or distinctly 
ctarttod With such a trend, a smooth and comfortable operation in driving, that is, a favorable o7e 2 
feehng has been regarded as important. In order to improve the operation feel ing in ivin ™ t ; desKd S 
he fr.ct.onal pmperty between the synchronizer ring and the gear cone in the synchromesh mechanism fs 

T^ TL^ J ar f ,y Cha " 96S time) " ** thS f ™ smi ^°n can be operated smoothfy 
The use of conventual gear o.ls containing sulfur-phosphorus based extreme-pressure aaent h« fr« 
quently resulted in poor frictional property, and operation feeling has not been favorabte 
nrJL?? 1- the f, e P ° in,S ' Vari ° US luDricatinQ oil compositions have been proposed for improvino the 
STJtu 9 ( P T Se / atent APPliC3ti0n Laid ° pen No - 192495/1987 No. 61090 19^ ^ No 
30 Ze'coZs^ ^ ^ ^ Pr ° b,emS in ™"» * - d '" the sfabiC the 

nr m «?J ha ° h ?u' in ** transmission of large-sized trucks in which oil temperature amounts to 150' C 
heat-resistance has caused deterioration, corrosion of metals, formal of sludgl and 
other p oblems, vanous troubles such as abrasion or damage of teeth surface of gears damaolTti^ 
of beanngs and further, slip out of gear in some cases Phosphoric aSf el's and ? P hosphcl s add 
35 esters wh.ch are .ncluded in phosphorus extreme pressure agents are afraid to accete"ate sStli 

a7hrSd and accordin9iy me use ° f them has an inconvenfence £ ^s^^jzssz 

40 SUMMARY OF THE INVENTION 

^AU SiThl' 0 " Pr °? eS 3 ' UbriCatin9 0i ' com P ositi °" P°wer control comprising: ' 
(A) a base oil having a kinematic viscosity at 100 Cof 1 to80 cSt 

!S o IfJS? k V ^ ° f a,kaIine earth metal based de tergem,dispersant, and 
(D) 0.05 to 5% by weight of partial ester of polyhydric alcohol and/or succinimide. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

Various oils can be used for the base oil as component (A) of the present invention as long as they 
have a kinematic viscosity at 100* C of 1 to 80 cSt, preferably 3 to 50 cSt. 

5 Thus, mineral oil-based lubricating oil fraction and synthetic lubricating oil are also available for this 
component. An example of the mineral oil-based lubricating oil fraction is a purified oil obtained by purifying 
a distillate oil with a conventional method, said distillate oil having been obtained by atmospheric distillation 
of a paraffin based crude oil, a naphthene based crude oil, or an intermediate based crude oil, or by 
vacuum distillation of a residual oil resulting from the atmospheric distillation. Examples of the synthetic 

io lubricating oils are poly-alpha-olefins, polybutenes, dibasic acid esters, polyglycols, hindered esters, 
alkylbenzenes, polyethers and the like. 

Regarding the sulfur-containing compounds as component (B) of the present invention, zinc 
dithiophosphate, sulfurized oils and fats, and sulfurized olefins are used singly or in combination. Therein, 
as zinc dithiophosphate (ZnDTP), various ones conventionally used including zinc diisopropyl- 

15 dithiophosphate, zinc di-2-ethylhexyldithiophosphate, zinc di-n-butyldithiophosphate, zinc di-n-amyl- 
dithiophosphate, zinc di-n-hexyldithiophosphate, zinc di-n-octyldithiophosphate, and zinc dinonylphenyl- 
dithiophosphate can be used: 

When alkaline earth metal based detergent-dispersant as component (C) has a base number of 200 mg 
KOH/g or more, branched alkyl ZnDTP and/or alkylphenyl ZnDTP preferably used. In that case, it is 

20 preferred that branched alkyl ZnDTP and/or alkylphenyl ZnDTP may occupy more than half the quantity of 
whole ZnDTP used there. Herein preferable examples of the branched alkyl ZnDTP or alkylphenyl ZnDTPs 
are those of which branched alkyl groups or alkylphenyl groups have 3 to 20 carbon atoms, specifically, 
ZnDTPs of which branched alkyl groups are iso-propyl groups, 2-ethylhexyl groups, or alkylphenyl groups 
are nonylphenyl groups, as main constituent. 

25 When alkaline earth metal based detergent-dispersant as component (C) has a base number of less 
than 200 mg KOH/g, primary ZnDTP shows a superior stability against oxidation, and is favorably used 
accordingly. In that cases it is preferred that primary ZnDTP may occupy more than half the quantity of 
whole ZnDTP used there. Herein preferable examples of the primary ZnDTPs are those of which alkyl 
groups are primary and have 3 to 20 carbon atoms, specifically, ZnDTPs of which alkyl groups are n-butyl 

30 groups, n-amyl groups r n-hexyl groups, or n-octyl groups as main constituent. 

The sulfurized oils and fats are obtained by reacting sulfur or sulfur-containing compound with oils and 
fats (lard, soy bean oil, rice bran oil and the like) or terpene. Sulfur content of said oil is not critical, but 
preferably 5 to 70% by weight. 

Sulfurized olefin is obtained by reacting olefin having 2 to 15 carbon atoms (propylene, isobutyiene, 

35 diisobutene and the like) with sulfur or sulfur-containing compounds, or by sulfurizing an ofefin polymer 
(polypropylene, poly isobutyiene and the like), and its sulfur content is preferably 20 to 70% by weight. 

In the composition of the present invention, the proportion of the abovementioned component (B) is 0.1 
to 10% by weight, preferably 0.5 to 5% by weight, and more preferably 0.5 to 3% by weight based on the 
total weight of the composition. If the proportion is less than 0.1% by weight, effects of addition is hardly 

40 apparent If it is in excess of 10% by weight, effects corresponding to the added amount are not seen, but 
on the contrary, stability against oxidation or metal corrosion resistance and other properties might be 
lowered. 

As component (C) of the present invention, alkaline earth metal based detergent-dispersants having the 
most suitable base number, for each purpose are used. Specified examples are the sulfonates, phenates 

45 (phenolates), and salicylates of calcium, barium or magnesium. Of these salts, the most suitable are salts of 
calcium. Besides them, also phosphonates or naphthenates can be used. 

Alkaline earth metal based detergent-dispersant having a base number of 200 mg KOH/g or more, more 
specifically 250 to 500 mg KOH/g, has the effect to raise the coefficient of kinematic friction (u k ) of 
synchronous u-V characteristics (frictional characteristics) in the synchromesh mechanism. With the use of 

so alkaline earth metal based detergent-dispersant used here having a base number of less than 200 mg 
KOH/g, said coefficient of kinematic friction becomes Jowered, which may result in increase in Uo/Un to 
make frictional characteristics unfavorable. The proportion of alkaline earth metal based detergent-disper- 
sant in that case is 0.1 to 5% by weight, preferably 0.5 to 3% by weight based on the total weight of the 
composition. If it is less than 0.1% by weight, effect of addition is not shown sufficiently, and if it is in 

55 excess of 5% by weight, amount of abrasion becomes unfavorably increased. 

With the use of the alkaline earth metal based detergent-dispersant having a base number of less than 
200 mg KOHAg, particularly 3 to 180 mg KOH/g. an effect to improve heat resistance appears. Therein, if 
the base number of alkaline earth metal based detergent-dispersant is 200 mg KOH/g or more, metal 
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fatigue (service life of bearing is shortened) may occur when used at a high temperature for a long term, in 
that case, the proportion of alkaline earth metal based detergent-dispersant is 0.1 to 10% by weight, 
preferably 1 to 8% by weight based on the total weight of the composition. If the proportion is less than 
0.1% by weight, the effect of addition Is not shown sufficiently, and if it is in excess of 10% by weight, any 
5 improvement in effect corresponding to the amount added is not seen, but amount of abrasion is 
unfavorably increased. 

In the present invention, further, a partial ester of a polyhydric alcohol and/or succinimide are/is used as 
component (D). Therein, partial esters of polyhydric alcohols include various kinds such as monoesters and 
diesters of dihydric to hexahydric alcohols. Examples of them are partial esters of alcohols including glycol, 

w glycerol, trimethylol propane, pentaerythritol, sorbitol and the like, combined with an organic acid residue 
having 8 to 30 carbon atoms (lauric acid residue, stearic acid residue, oleic acid residue, behenic acid 
residue and the like). Preferred examples are specifically sorbitan monolaurate, sorbitan dilaurate, sorbitan 
monooleate, sorbitan dioleate, sorbitan monostearate, sorbitan distearate, sorbitan monobehenate, sorbitan 
dibehenate, glycerol monolaurate, glycerol monooleate, and the like. 

15 Said partial esters of polyhydric alcohols are effective components in improving frictional characteristics 
of lubricating oil composition, and shows a remarkable effect particularly when used in combination with 
^ said alkaline earth metal based detergent-dispersant as component (C) having a base number of 200 mg 
KOH/g or more. In order to draw forth said effect fully, the proportion of the abovementioned partial ester 
should be 0.05 to 3% by weight, preferably 0.1 to 2% by weight based on the total weight of the 

20 composition. If the proportion is less than 0.05% by weight, the effect by addition is not developed 
sufficiently, and if it is in excess of 3% by weight, stability against oxidation and water separation properties 
will receive a bad influence. . 

As the succinimides, various ones including alkenyl succinimide and alkyl succinimide can be used. 
Similarly reaction products and derivatives thereof obtained by reacting a boron compound (boric acid, 

25 boric acid salt, boric acid ester and the like) with alkenyl succinimide, or alkyl succinimide can be used. 
Among them, preferred one is alkenyl succinimide containing an alkenyl group having 15 to 500 carbon 
atoms, for example, polybutenyl succinimide having a molecular weight of 200 to 5000. 

Said succinimide is an effective component to improve the heat-resistance of lubricating oil composi- 
tion, it shows a remarkable effect particularly when used in combination with alkaline earth metal based 

30 detergent-dispersant having a base number of less than 200 mg KOH/g as component (C). In order to 
demonstrate said effect fully, the proportion of the succinimide should be 0.1 to 5% by weight, preferably 
0.5 to 3% by weight based on the total weight of the composition. If said proportion is less than 0.1% by 
weight, effect by addition is not shown sufficiently, and if it is in excess of 5% by weight, no improvement in 
effect can be expected. 

35 The lubricating oil composition of the present invention comprises components (A) to (D) mentioned 
above as inevitable components, and if necessary, each an appropriate amount of various additives such as 
ashfess dispersants,. extreme-pressure agents, viscosity index improvers, pour point depressants, de- 
foaming agents and others can be compounded. 

The lubricating oil composition of the present invention has sufficient extreme-pressure properties, anti- 
40 wear properties, metal fatigue life,' and also favorable initial frictional characteristics, which means that the 
ratio of static frictional coefficient/kinematic frictional coefficient is small, and the shock by gear shifting is 
so moderate as to offer a comfortable operation at driving an automobile. In addition, changes with time of 
frictional characteristics are small, and said lubricating oil composition is excellent in stability against 
oxidation and corrosion resistance. 
45 Further, since the lubricating oil composition of the present invention includes those having a high heat 
resistance, it shows an excellent lubricity over a long period when applied as gear oils for automobiles, and 
accordingly the period of replacing oil can be extended. 

Consequently, the composition of the present invention is useful as a lubricating oil for power control 
including gear oil for automobiles, lubricating oil for the parts having a wet clutch or a wet blake, industrial 
so gear oils and the like. 

The present invention is described in greater detail with reference to the following examples and 
. comparative examples. 



55 Examples 1 to 3 and Comparative Examples 1 to 4 

As shown in Table 1 ; various kinds of additives were compounded in prescribed ratios to paraffin based 
lubricating base oil (150 neutral), to prepare lubricating oil compositions. 
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The resulting lubricating oil compositions were subjected to performance tests as^follows. The results 
are given in Table 1. 



5 SAE (Society of Automotove Engineers) No. 2 Friction Test 

With the use of SAE No. 2 Tester (manufactured by Greening Association Inc., USA), frictional 
characteristics were evaluated under the following condition for experiment. 

JO 

(Test Condition) 

Disk; brass synchromesh ring 
Plate: steel gear cones 
75 Revolution of motor: 1500 rpm 
Piston pressure: 50 kg/cm 2 
Oil temperature: 60* C 

The coefficient of kinematic friction (Uiooo) at 1000 rpm under the above test condition, and the 
coefficient of static friction (Uo) at stopping were measured, and U0/U1000 was calculated. 

20 

Antiwear properties 

In accordance with ASTM D 2714, measurement was done according to the following condition. 
25 Block: brass (JIS third class) 

Ring: SUJ 2 

Oil temperature: 60* C 

Load: 200 pounds 

Revolution number: 500 rpm 
30 Period: 1 5 minutes 



Examples 4 and 5 and Comparative Examples 5 to 7 

35 As shown in Table 2, various kinds of additives were compounded in the prescribed ratio to paraffin- 
based lubricating base oil (kinematic viscosity at 100* C: 20 cSt), to prepare lubricating oil compositions. 

Lubricting oil compositions thus obtained were subjected to the tests shown below. The results are 
shown in Table 2. 

40 

Copper Plate Corrosion Test 

Test was carried out in accordance with JIS K 2513 on the condition of the temperature of 130* C and 
the period of 3 hours. 

45 

Oxidation Stability Test 

Test was carried out in accordance with JIS K 2514. 3.1, on the condition that the test temperature was 
so 150* C, and test period was 96 hours. The amount of undissolved portion denotes the amount of 
undissolved n-pentane determined according to ASTM D 893, method B. 



Shell Four-Ball Test , 

55 

Test was carried out in accordance with ASTM D 4172. Each of the test samples was an oil degraded 
in the abovementioned Oxidation Stability Test. 
Conditions: 1200 rpm. 60 min., 40 kg/cm 2 , 
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oil temperature: 75 "C 



Scrolling Four-Ball Test 

5 

This was carried out in accordance with the method described in Japanese Patent Application Laid 
Open No. 147263/1984. 
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EP 0 373 454 A1 



*1 Zinc Di-n-octyldithiophosphate 
5 *2 Base number: 80 mg KOH/g 
*3 Base number: 160 mg KOH/g 
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15 



*4 Polybutenyl succinimide having a molecular weight of 
1000 

*5 A commercial lubricating oil of GL-5 class containing 
Sulfur-Phosphorus based Extreme-Pressure Agent 
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Claims 



1. A lubricating oil composition for power control comprising: 

25 (A) a base oil having a kinematic viscosity at 100 " C of 1 to 80 cSt, 

(B) 0.1 to 10% by weight (based on the total weight of the composition) of at least one kind of sulfur- 
containing compound selected from the group consisting of zinc dithiophosphate, sulfurized oils and fats 
and sulfurized olefin, 

(C) 0.1 to 10% by weight of alkaline earth metal based detergent-dispersant, and 

3Q (D) 0.05 to 5% by weight of at least one kind of compound selected from the partial esters of 

polyhydric alcohols and succinimide. 

2. A lubricating oil composition for power control comprising: 

(A) a base oil having a kinematic viscosity at 100° C of 1 to 80 cSt, 

(B) 0.1 to 5% by weight of at least one kind of sulfur-containing compound selected from the group 
35 consisting of zinc dithiophosphate, sulfurized oils and fats and sulfurized olefin, 

(C) 0.1 to 5% by weight of alkaline earth metal based detergent-dispersant having a base number of 
not less than 200 mg KOH/g, and 

(D) 0.05 to 3% by weight of a partial ester of polyhydric alcohol. 

3. A composition defined in Claim 1 or 2, wherein (A) the base oil is a mineral oil-based lubricating oil 
^ fraction or synthetic lubricating oil having a kinematic viscosity at 100* C of 3 to 50 cSt. 

4. A composition defined in Claim 2, wherein the alkaline earth metal based detergent-dispersant has a 
base number of 250 to 500 mg KOH/g. 

5. A composition defined in Claim I or 2, wherein the partial ester of polyhydric alcohol is at least one 
kind of compound selected from the group consisting of sorbitan monolaurate, sorbitan dilaurate, sorbitan 

45 monooleate, sorbitan dioleate, sorbitan monostearate, sorbitan distearate, sorbitan monobehenate, sorbitan 
dibehenate, glycerol monolaurate and glycerol monooleate. 

6. A gear oil composition comprising: 

(A) a base oil having a kinematic viscosity at 100* C of 1 to 80 cSt, 

(B) 0.1 to 10% by weight of zinc dithiophosphate, 

50 (C) 0.1 to 10% by weight of alkaline earth metal based detergent-dispersant having a base number of 

less than 200 mg KOH/g, and 

(D) 0.1 to 5% by weight of succinimide. 

7. A composition , defined in Claim 6, wherein (A) the base oil is a mineral oil-based lubricating oil 
fraction or synthetic lubricating oif having a kinematic viscosity at 100* C of 3 to 50 cSt. 

55 8. A composition defined in Claim 6, wherein more than half the amount of (B) zinc dithiophosphate is 
occupied by zinc di-n-alkyl dithiophosphate. 

9. A composition defined in Claim 6; wherein (C) alkaline earth metal based detergent-dispersant has a 
base number of 3 to 180 mg KOH/g. 
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10. A composition "defined in Claim 6, wherein (D) succinimide is an alkenyl succinimide containing an 
alkenyl group having 15 to 500 carbon atoms. 
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